INTRODUCTION
The suprascapular notch (SSN) is situated in the lateral part of the superior border of the scapula, just medial to the base of the coracoid process, giving passage for the suprascapular nerve. The suprascapular nerve provides sensory innervation to the posterosuperior aspect of the shoulder and motor innervation to supraspinatus and infraspinatus muscles and its dysfunction is intimately associated with rotator cuff pathology [30] .
The shape of the SSN shows wide variety, ranging from an absence of the notch through differently deep notches to a presence of a small opening instead of the notch. There are many studies on the morphology of the SSN, but most of them are devoted to the cases, in which the SSN is converted to a foramen, because of the ossification of superior transverse scapular ligament. These cases are associated with suprascapular entrapment neuropathy [5, 8, 10, 24] . Avery et al. [4] and Polguj et al. [26] considered the ossification of anterior coracoscapular ligament, which causes a reduction in the height of the suprascapular foramen, also as a possible aetiologic factor in suprascapular nerve entrapment. According to Ofusori et al. [21] , the complete absence of the SSN could be considered as a possible cause of suprascapular nerve entrapment as well.
Data about the frequency of the types of SSN, and suprascapular foramen in particular, are published for different contemporary populations. However, there are scarce or missing data about this topic in the ancient populations as well as about the sexual differences in the distribution of the types of SSN. Therefore, the aim of this study is to determine the frequency of different types of SSN, based on its shape, in male and female medieval skeletal series and to assess the sexual differences.
MaTeRIalS aND MeThODS
A total of 102 (51 male, 51 female) scapulae and scapular fragments were investigated. The osteological material was collected from medieval necropoles in the territory of Northeastern Bulgaria (9 th -11 th century AD). Skeletal sex and age were determined by standard anthropological methods [3, 6] . The shape of the notch was classified into 5 types, according to the scheme given by Alekseev [2] . The shape was determined depending on the march of the superior border towards the SSN ( Fig. 1) : type 1 -the superior border of the scapula passes smoothly into the base of the coracoid process without a depression, i.e. absence of the SSN; type 2 -the march of the superior border towards the end of SSN is clearly pronounced, but the notch is shallow; type 3 -the SSN is deep and its border outlines approximately 3/4 of the circumference; type 4 -the border of the SSN outlines nearly full circumference; type 5 -the SSN is converted into a complete bony foramen. A c 2 test was used to assess sexual differences in the distribution of the types of SSN.
ReSUlTS
The distribution of the various types of suprascapular notches is illustrated in Table 1 .
The most common type in both right and left male and right female scapulae was type 3, and in the second place was type 2 (Fig. 2) . In the left female scapulae, most frequently observed type of the notch was the shallow notch (type 2), followed by the deep one (type 3). The absence of the SSN was in the third place. Three scapulae with suprascapular foramen (type 5) were observed and there was a double foramen in one of them. It should be noticed that all 3 cases were observed in female scapulae.
According to the results of c 2 test, there were no significant sexual differences in the distribution of the types of SSN. The distributions in the right scapulae of both sexes were almost identical. Although there were no significant sexual differences in the left scapulae, type 3 in the left male scapulae was nearly twice as frequently observed as in the left female ones and the other types were reported with greater frequency in the left female scapulae.
DISCUSSION
The SSN is an anatomical structure of great clinical importance because it is a probable site Figure 1 . Types of suprascapular notch (SSN) (the scheme is taken from Alekseev's handbook [2] ). Types: 1 -the superior border of the scapula passes smoothly into the base of the coracoid process without a depression; 2 -the march of the superior border towards the end of SSN is clearly pronounced, but the notch is shallow; 3 -the SSN is deep and its border outlines approximately 3/4 of the circumference; 4 -the border of the SSN outlines nearly full circumference; 5 -the SSN is converted into a complete bony foramen.
of suprascapular nerve compression. According to Odita et al. [20] , the ossification of coracoid process influences the shape of the notch. Various authors have classified the SSN on the basis of scopical features or measurements, such as vertical and transversal diameters of the notch. Rengachary et al. [28] observed six basic types of SSN. Natsis et al. [19] distinguished 5 types of the notch on the basis of specific geometrical parameters. Ticker et al. [35] reported 2 types of the notch -"U" and "V" types. Iqbal et al. [13] separated the notches into 3 types -"U", "V" and "J" types, without involving any measurements. Wang et al. [37] have found a new variable morphology of the SSN with a double suprascapular foramen. The classification of SSN that was used in our study is simple and does not require complicated measurements, and it makes possible to very easily distinguish the three types of the notch -its absence (type 1) and the partial and complete ossification of the superior transverse suprascapular ligament (types 4 and 5), which are supposed to be risk factors for suprascapular entrapment neuropathy.
The results of the present study show that the most common type of SSN is type 3, which corresponds to a deep notch. According to Wang et al. [37] and Soni et al. [33] , the most common type in their samples is the type, where the notch has longer transversal diameter than the vertical length. The results of Natsis et al. [19] show an equal inci- dence of the types, where the notch is longest in its transverse diameter or it is longest in its vertical length. Mahdy and Shehab [17] also reported close values of these 2 types, but with slightly prevalence of the type with longer transverse diameter than the vertical one. However, Sinkeet et al. [32] found in a higher frequency the type with longer vertical diameter. As we did not use metrical parameters for determination of the types, we could assume that our types 2 (a shallow notch) and 3 (a deep notch), which are together the most common types, correspond with both most common types established by the other authors. In this way, our results are in accordance to a great extent with the study of Sinkeet et al. [32] , where the deep notches were the most prevalent too. But results obtained by us strongly differ from these ones of Wang et al. [37] and Soni et al. [33] , who reported a shallower notch in very high percentages -58.16% and 72%, respectively.
The complete absence of SSN has been supposed to be a predisposing factor for suprascapular nerve entrapment syndrome, because of the possibility of compression of the suprascapular nerve by the superior transverse scapular ligament on the superior border of the scapula [21] . Our results show absence of the notch in 15.7%, which is a medial value in relation to the results of other authors -2.12% [32] , 5% [33] , 7.65% [14] , 8.3% [19] , 18% [34] , 22.5% [13] and 28% [37] .
The variations of the superior transverse suprascapular ligament, including partial or complete ossification, are considered to be main predisposing factors in cases of suprascapular nerve entrapment. The compression of the suprascapular nerve at the notch can result in suprascapular neuropathy. Kopell and Thompson [16] were the first to define a suprascapular neuropathy syndrome. The common symptoms of the suprascapular neuropathy are a deep, diffuse and dull shoulder pain, weakness in external rotation and abduction of the upper extremity, and atrophy of both supraspinatus and infraspinatus muscles [9, 24, 30] . Cohen et al. [7] described 2 cases of entrapment of the suprascapular nerve from a calcified superior transverse scapular ligament, and both patients were members of the same family, which suggests a genetic precondition for the ossification. Mistry et al. [18] established that the ossified superior transverse suprascapular ligament was more frequently observed in the right scapulae than the left ones.
There are many studies devoted to the complete ossification of the superior transverse suprascapular ligament, because of the necessity of better understanding and interpretation of the causes and mechanisms leading to the development of suprascapular neuropathy syndrome and the great importance of these cases for the surgical and arthroscopic practices. The frequency of the complete and partial ossifications of the superior transverse suprascapular ligament varies in different population groups (Table 2 ). Our result (2.9%) is generally lower than the results of other authors.
The presence of a double suprascapular foramen is a very rare anatomical finding. Such a case has been described only few times [11, 23, 37] . The coexistence of 2 foramina in the place of SSN is very likely to increase the risk of suprascapular neuropathy, because of additional narrowing of the suprascapular nerve passage. Polguj et al. [23] proposed 4 potential hypotheses of double suprascapular foramen formation. The probable mechanism of formation in cases with parallel course of both bony bridges, as it is in our case, is that either the upper bony bridge was created by ossification of the single bundle superior transverse scapular ligament and the lower one was created by the osseous transformation of the anterior coracoscapular ligament, or both bridges were formed as a result of the ossification of the superior and inferior bands of the trifid superior transverse scapular ligament. As the trifid superior transverse scapular ligament was reported on rare occasions in the literature [25, 35] , whereas the frequency of anterior coracoscapular ligament varied up to 60% [4] , the formation of the lower bony bridge by ossification of the anterior coracoscapular ligament seems to be more probable explanation.
As a whole, there have been very few studies concerning the sexual differences in the shape of the SSN. Finnegan [12] reported that sexual differences in the presence of suprascapular foramen were significant in the right scapulae of the White Americans (p < 0.01) and in the right bones of the Black Americans (p < 0.05). But no significant sexual differences were established in our study. According to the results of Polguj et al. [27] , the distribution of the SSN types in both sexes was similar too. Albino et al. [1] concluded in their study that the type of the SSN is not related to the sex and age of the individuals. As far as the completely ossified superior transverse ligament is concerned, Polguj et al. [27] established that it was more frequent in females than in males (9.1% vs. 4.9%). Our results confirm the more common ossification of the superior transverse ligament in the female scapulae, because we did not observe it in any of the male bones.
CONClUSIONS
The knowledge of the anatomical variations of SSN is very important for clinical and surgery practices, since the shape of the notch could be a predispo- 
